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(54) Manufacture of fibre reinforced composites 

(57) A method for manufacturing an article of fibre 
reinforced resin material comprises the preparation of a 
reinforcement preform which includes one or more 
roves of staple fibres with sufficiently low twist to enable 
the fibres to slide relative to each other and thereby the 
rove to elongate when subjected to tension The rein- 



forcement preform is shaped by deforming the preform 
into the desired three dimensional shape of the article 
being manufactured. The shaping can be carried out be- 
fore, after or simultaneously with impregnation with ma- 
trix material The matrix material may be thermoplastic 
material incorporated in or with the preform 
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Description 

This invention is concerned with the manufacture of 

reinforced composites having fibre reinforcing elements 
incorporated m a matrix The invention is cf particular 
relevance to the manufacture of shaped articles with fi- 
fe reinforcement within a r cs n matrix 

As technology improves in relation to fiore rein- 
more and more in the mar ufacture o- articles especially 
for applications where nigh strength ano light weight are 
desirable n order to obtain the required strength char- 
actenstics ir the production of fibre reinforced compos- 
ites the fibres must be controlled ac:urately as -ega^ds 
tnei' positioning orientation and amount Sheet materi- 
als i e essentia i 'y two a-mensional procuc's are rea- 
sonably straightforward to manufacture but three di- 
mensional articles present considerable problems in re- 
gard to the control of the *ibre reinforcement Fc exarn- 
C e when a fibre mat or fabric ;s shaped by pressing m 
a mould such as in a hemispherical mould cavity oe- 
f nod by male and female mou-d parts there is a strong 
tendency for the firore mat or fabnc to fold and tear in an 
uncontrollable manner witn the result that the fibre po- 
sitioning will not be ideal for the article being produced 
-nd tne aric e may have unacceptable wea-messes 

Reinforcement products used in the manufacture of 
1 b-e -emfcrced composites such as woven f bro mats 
fr equently use continuous filaments in order tc achieve 
maximum strength butsu:h filaments are incapable of 
sketching to conform to a three cimensicnal shape 
Consequently the amount to which such mats can ee- 
f crm is I'm ted especially f they arc to be used to pre- 
pare a shaped reinforcement preform to be subsequent- 
ly impregnated with and embedded -n a matrix such as 
■menmosettmq resin metal or ceram c 

It is also known to use staple fibre yarns as rein- 
forcement elemerts in reinforced composites such as 
n spin wincing o roc esses wherein the yarn is wound 
onto a mandrel to build up layers of reinforcement The 
yarns are generally produced with the fib r es or filaments 
twisted so tightly that they are jnable tc slide r elative to 
each other cue to the frict'on between the fibres and as 
a consequen :e the yarns wil not elongate under tension 
and will break before stretching to any significant extent 

In WC 91/ * 31 95 there is described a method of 
manufacturing a fibre reinforced composite wherein the 
reinforcement comprises a staple yarn of discontinuous 
•ibreswith cwtwist which yarn is subjected 'c a prelim- 
nary controlled stretching with a view to obta ring de- 
sired characteristics in the * nisned composite The 
stretched yarn can be used to produce a shaped pre- 
'orm which is subsequently impregnated with resin e 
g during a separate moulding step The need to pro- 
duce a preform including a yarn which has been sub- 
jected to controlled stretching limits the potential of the 
described method for large scale production of shaped 
articles 



T ne present invention addresses this problem and 
as an especially neat and simple solution it provides a 
method of manufacturing an article of reinforced com- 
posite material comprising preparing a reinforcement 

s preform including a rove ot staple fib'es with low twist 
to enable the fibres to slide relative to each otner and 
t- e r eby t h e rove tc elongate when suc.eced t o tension 
tne rove being substantially unstretched ane substan- 
t n- y -'-fern i.cr.g t^ cgr me cc~p etoo preform 

■0 shaping the 'emforcement pre'orm by deforming the 
z'S<GfT before after or simultaneous y with impregna- 

• on of tne preform with matrix material so that the rove 
of staple fibres undergoes permanent elongation 

^oves of staple fiores can be oriented in tne preform 
^ co that the desired characters; cs are ootamed in the 
f nsnea article due to the sheKhmg of tne -:ves pro- 
duced when shaping the preform being predictable and 
controlled The r emforcemer t rceform may roe formed 
entirely of roves of staple fibres but this is not essential 
-:hd n some cases at least it vvi I be possible *.o include 
otne r forms of "emforcement such as continue us strand 
""■at continuous filaments cnooped stand mat or the 
ke 

Bv tne method of the invention it is possible to mould 
conveniently three cimensicnal artic es of -einforced 
compos tc material since a flat fibre assembly can be 
Reformed to t^e requ red shape as the mould is closed 
Ah ile ensuring an appropriate distribution o* *.he rein- 
''ccement fib'es throughout the matr x matenal in the 

JO - r ished article 

m tne case of a simple two dimensional preform ot 
-essentially sheet-l k.e form staple fib r e roves may be 
a d side-by-s-de ano pa rah e' *c each otner According 
*o the nature of the amde to be producec and n partic- 
.car the stress loadings to wh ch it is lik ely to be suoject- 
ed ir use it may be sufficient for the roves to extend in 
a single direction They could if recuired be sand- 
wiched between laye-s of furthc reinforcement such as 
coni nuous st- and glass fibre mat or otn er extensible re- 

■+0 moreement Alternatively t^e *oves could be laid in two 
o r more layers with r:ves in different layers directed at 
o"fe r ent angles to obtain the desired strength charac- 
tens'ics in different directions m regions or directions 
/vhere little or no deformaaor is experienced during 

4 ? rhapmg of the preform and hence no rc>ve elongation 
will occur continuous filaments may be incorporated 
,\Mth the roves which may be desirable to impart addi- 

* cnal strength to these regions in the finish article 

When a two dimensional or flat sheet preform is to 
50 co shaped in a three dimension,-! mould * wcl generally 
ce necessary to clamp the p'"e*crm at east at some pe- 
ripheral locations in c r der to control the deformation o'' 
'he preform as the mould is closed 

A preform whether in two or three dimensiona 
55 xrm may be stabilised to fix tne fibres relative to each- 
other temporarily until they are anchcrec in "he matrix 
material One stabilization technique is to sprnkle the 
fibres of the preform with a thermoplastic e g polyester 
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binder powder and to heat the preform so that the binder 
melts and fuses the fibres The binder can be dissolved 
in the matrix material e g athermosetting polyester res- 
in, when the preform is subsequently impregnated in a 
mould Alternatively the binder may constitute part of 
the final matrix By selective application of the binder, 
either by confining the areas of application or controlling 
the amount of binder applied, it is possible to adjust the 
tendency of the roves to stretch in certain locations dur- 
ing shaping of the preform and thereby control the por- 
tions of the preform which will be subjected to greatest 
deformation and elongation of the staple fibre roves to 
obtain the desired reinforcement distribution 

It may be preferable to prepare a three dimensional 
preform shaped to fit a mould for subsequent impregna- 
tion Conveniently a two dimensional fibre preform is 
first produced and this preform is subjected to one or 
more pressing steps to achieve the desired shape, in 
the case of a simple shape a single pressing step in 
which the initial flat preform is deformed between com- 
plementary press tools will be adequate When a more 
complex shape or a deep three dimensional form is re- 
quired a series of successive pressing steps may be em- 
ployed Fusing binder may be applied during or after any 
of the pressing steps either to assist control of the pre- 
form deformation in the next pressing stage or to main- 
tain the final shape of the preform The binder which 
may be selectively applied as mentioned above could 
be fused by heat or UV light Another way to apply a 
binder is to spray the preform with an emulsion of a resin 
soluble binder in water, the water being removed by dry- 
ing. 

During a final preform pressing stage sufficient 
binder is preferably added to stabilise the preform untii 
it is to be used, e g. in a moulding operation At this time 
up to 1 0° o by weight of the preform may consist of bind- 
er The periphery of the shaped preform may be 
trimmed if necessary, to fit the mould employed for ma- 
trix impregnation The trimming operation can be effect- 
ed in any convenient manner, such as a cutting opera- 
tion preformed during the final pressing stage by means 
of the press tooling manually or by laser cutting Trim- 
ming at this stage can avoid any need for a post mould- 
ing trimming operation 

The preform prepared for use in the method of the 
invention can be provided with holes and/or additional 
reinforcement elements as may be desired according to 
the article being manufactured 

As mentioned above the preform prepared with the 
rove of staple fibres with low twist is shaped before or 
as the preform is inserted in a mould for impregnation 
As an alternative the initial sheet preform can be incor- 
porated with a thermoplastic matrix material to be 
shaped and impregnated by application of heat and 
pressure Thus co-mingled fibre reinforcement and fil- 
aments of thermoplastic material which will melt to form 
the matrix can be pressed directly into a flat stock sheet 
or blanks from which shaped articles can be produced 



subsequently As with other embodiments, the staple fi- 
bre rove(s) with low twist may constitute only part of the 
reinforcement For example there can be utilised in ad- 
dition continuous strand mats, or additional chopped 

5 strands of reinforcement A two dimensional reinforce- 
ment preform sheet can be pressed at high pressure be- 
tween two sheets of thermoolastic material, or other lay- 
ers of material which will form the matrix, such as pellets 
of polypropylene, polyethyleneteraphthalate or nylon 

10 Under the application of heat and pressure the thermo- 
plastic material melts and impregnates the reinforce- 
ment preform The resulting sheets or blanks can be 
heated and pressed or vacuum formed in accordance 
with conventional practices for deforming thermoplastic 

is sheet into three dimensional configurations, but during 
such forming the lightly twisted fibres included in the 
rove of stable fibres will slide under applied tension forc- 
es resulting m an elongation of the rove It will be under- 
stood that the matrix material needs to be melted suftt- 

20 ciently to enable such fibre movement and higher tem- 
peratures than usually employed in the performance of 
such thermoforming processes may be required to en- 
sure the necessary reduced viscosity of the matrix ma- 
terial 

25 it will be understood that when the matrix material 

is initially provided in the form of fibres or filaments co- 
mingled with the reinforcement fibres it is not essential 
to prepare a flat composite preform for further forming 
to the required shape and the preform of reinforcement 

30 and matrix fibres can be directly formed into a finished 
shaped article by applying pressure with heating to a 
temperature sufficient for the thermoplastic material to 
melt and impregnate the reinforcement 

As a variation of the method in which the fibre rein- 

35 forcement including the rove of staple fibres is combined 
with filaments of thermoplastic material which are melt- 
ed to provide the matrix if the fibres are themselves 
formed of a thermoplastic material they can themselves 
provide the matrix using a technique known as "hot com- 

•to paction" In such a method a bundle of oriented thermo- 
plastic fibres is subjected to pressure and heating so 
thai the fibres melt at their surfaces and the melted ma- 
terial fills the voids between the fibres and upon subse- 
quent cooling forms a strong bond between the fibres 

J 5 The product of this method can be seen as a single 
phase composite inasmuch that the same material 
forms the reinforcement and the matrix A pretorm can 
be prepared and be compacted e g by pressing or m 
an autoclave to the final shape Alternatively, as the ma- 

50 tenal is thermoplastic hot compaction can be used io 
produce a preform, e g a sheet which can be post 
formed to a final shape The rove of staple fibres in the 
fibre bundle will be subjected to elongation either before 
or after incorporation in the bundle of fibres pr.or to hot 

55 compaction in order to obtain the desired characteristics 
in the finished article being manufactured Alternatively 
it could be possible for such elongation to be produced 
during the hot compaction process 
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The present invention includes wanm its scope a 
c -i 'iK or preform for use in performing the method of the 
invention ana comprising a rove of staple fibres of suf- 
* ciently low twist that the rove is elongated under ten* 
sion applied during shaping of the preform 

Furthermore the invention also extends to an article 
: r cduced by *he met h od 

By the rove of staple fibres being substantially un- 
5: etcnea nna siesta' it.al.y ,r ; o r m i.crg .is -ergrn 
when the preform is initially prepared it is meart "hat 
tne rove has riot teen subjected to a deliberate st^e^cn- 
'h^ operation to reduce its cross-section or the number 
of fibres incorporated m the rove at any potnt along its 
ength so that the properties m particular the weigh t per 
^r-it length o* the rove remain substantially constant 
along the length of the rove The important aspect of the 
invention is that the rove is subjected to a degree of eion- 
caton withojt the rove being parted at any location 
along its length during a subsequent forming operation 
t c shape the reinforcement in conformity with the article 
of reinforced composite material being manufactured 

In many instances it will be convenient and appro- 
p r ate initially to prepare the preform in a flat co~dit-on 
However this is not essential and the preform can be 
prepared with an initial three dimensional form anc be 
subsequently deformed to the desired shape and *c ef- 
fect the elongation of the roves cf staple fibres with low 
: A-ist 

The length of 'ibres in the rove of staple fibres used 
n preparing a preterm in accordance with the invention 
s not crucial but is an important consideration Athojgh 
tne ideal 'ength will depend on tne dimensions :f the 
artic e being produced and in particular the distances 
oetween pinch po nts where no or very little elongation 
will occur during the shaping deformation of the preterm 
if :he fibres are short there may be a tendency f;r the 
rove to part at a oomt at which nitial elongation takes 
place Long fibres are genera ly desirable from a 
strength point of view but the ficres should not oe so 
■ong that more than a very small percentage extend be- 
t.veen the pinch pemts since these fibres must clearly 
ce broken to enaole elongation cf the rove Preferably 
the fibre length is such that elongation will occur sub- 
stantially evenly over a major portion of the rove length 
between pinch points This will ensure the reducticn in 
tne number of fibres in the rove at any position along the 
length due to the stretching is minimised 

The fibres used in performance of the invention can 
be of any known type including glass carbon or ararnid 

Claims 

1. A method of manufacturing an article of reinforced 
composite material comprising the steps of prepar- 
ing a reinforcement preform including a rove of sta- 
ple fibres with sufficiently low twist to enable the fi- 
bres to slide relative to each other and thereby the 
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rove to elongate when subjected to ; ens ion char- 
acterised in that the rove is suostantially un- 
stretched and substantially uniform along its length 
,n the initially completed prefcrm ana the reinforce- 
ment preform is shaped c-y deforming the preform 
before after and or simultaneously w ! th 'mpregna- 
'jon of the c r efcrm with matnx; mate^a 1 so that said 
rove of staple fibres undergoes permanent elonga- 

2 . A m e : h od ac c o-rd \ n g to c i a m " wh e r e i n : n e p re f o r m 
is prepared en T irely from roves of staole fibres with 
iCW twist 

3. A method according to cl a-m ' where:n :ne preform 
:S prepared from one cr more roves of staple fib r es 
in combination with at least cne other form o* f^bre 
reinforcement such as continuous strand mat con- 
tinuous f laments or chopped strand mat 

4. A method according to any of claims 1 to 3 wherein 
the cefcrm comprises a substantia y flat sheet 

5. A method according to claim 4 wherein the flat 
shee* preform is clamped at at least some periph- 
eral locations pner to shaping the preform 

6. A rnethed accorcing tc -any one of claims 1 to 5 
wherein reinforcement feres included n the ore 

JO form are stabihsed 

7. A method according tc olaim 6 wherein the rein- 
forcement fibres are stabilised by a bmcer 

^ 8. A method according to claim 7 wherein the preform 
is shaped by ceformmg in a' least I wo successive 
stages and binder is applied during or afrer any one 
or more of the de*ormatiDn stages 

9. a method according to any cne of claims 1 to 5 
wherein 'he preform is trimmed at the edges before 
impregnation with matrix material 

10. A method according to any Dne of claims 1 to 9 
wherein the shaped preform is impregnated with 
matrix material in a mould 

11. A method accord'ng 4 o claim 10 wherein the pre- 
form is snapec by closure of '.he m'ould around ;he 
preform 

12. A method according to any cne of claims 1 to ° 
wherein the reinforcement fibres of the preform are 
incorporated with thermoplastic resin mater al for 

55 the pre'erm to be shaped and impregnated by ap- 

plication of heat and pressure 

13. A method according t : claim 1 2 wherein filaments 



7 



EP 0 835 741 A2 



of thermoplastic resin are included in the preform 

14. A method according to claim 12. wherein the pre- 
form is sandwiched between layers of thermoplastic 
material 5 

15. A method according to claim 12 13 or 14. wherein 
a blank is formed from the preform and thermoplas- 
tic material for subsequent shaping by thermoform- 
mg. to 

16. A method according to claim 12 or 13. wherein re- 
inforcement fibres included in the preform are 
formed of thermoplastic material and are partially 
melted to provide the matrix material > 5 

17. A preform tor use in manufacturing an article by the 
method of claim 1 characterised by a rove of staple 
fibres of sufficiently low twist that the rove is elon- 
gated under tension applied during shaping of the 20 
preform 

18. A preform according to claim 1 7. wherein all the re* 
inforcement fibres included in the preform consist 
entirely of roves of staple fibres with low twist 25 

19. A preform according to claim 17. wherein one or 
more roves of staple fibres are combined with at 
least one other form of fibre reinforcement, such as 
continuous strand mat. continuous filaments or 30 
chopped strand mat 

20. A preform according to any one of claims 1 7 to 19 
wherein the preform includes thermoplastic resin 
material which can be melted to impregnate the re- 3$ 
inforcement fibres 

21. A preform according to claim 20. wherein the pre- 
form includes filaments of thermoplastic material 

40 

22. An article of fibre reinforced composite material pro- 
duced by the method of any one of claims 1 to 1 6 
or form a preform as claimed in any one of claims 
17 to 21 

45 
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(54) Manufacture of fibre reinforced composites 

(57) A method for manufacturing an article of fibre 
reinforced resin material comprises the preparation of a 
reinforcement preform which includes one or more 
roves of staple fibres with sufficiently low twist to enable 
the fibres to slide relative to each other and thereby the 
rove to elongate when subjected to tension The rein- 



forcement preform is shaped by deforming the preform 
into the desired three dimensional shape of the article 
being manufactured. The shaping can be carried out be- 
fore, after or simultaneously with impregnation with ma- 
trix material The matrix material may be thermoplastic 
material incorporated in or with the preform 
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